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ROTATING ELECTRICAL MACHINE The controllable circuit is a self - controlled circuit con 
figured to self - act depending on the voltage across said rotor 

CROSS REFERENCE TO RELATED winding , said self - controlled circuit comprising a discharge 
APPLICATIONS resistor which dissipates the field magnetization current to 

5 lower the magnetization of said rotor . 
This application is a National Stage of International Therefore , a safety solution is proposed , which does not 

Application No. PCT / EP2019 / 061743 filed May 7 , 2019 , need any communication or similar to operate . This implies 
claiming priority based on European Patent Application No. a safer and simpler solution compared to ones of the prior 
18382317.8 filed May 9 , 2018 . art . 

Furthermore , independent of the operating or stopped 
FIELD OF THE INVENTION state of the rotating electric machine , including the states 

that control module is inoperative , the self - controlled circuit The present invention relates to rotating electric protects the rotor winding of the rotating electric machine machines . and the controllable semiconductor components from surges 
BACKGROUND OF THE INVENTION arising from lightning or incorrect switchgear maneuvers . 

These and other advantages and features of the invention 
The operation of rotating electrical machines , such as will become evident in view of the drawings and the detailed 

motors and generators , is based on magnetic interaction description of the invention . 
between a stator and a rotor of the machine . Some type of 20 
said machines are with brushless excitation , an comprise a BRIEF DESCRIPTION OF THE DRAWINGS 
main electric machine , an excitation machine whose rotor is 
adapted rotate with a rotor of the main electric machine FIG . 1 schematically shows a main circuit structure of an 
and produce magnetizing power to the main electric embodiment of the rotating electric machine with brushless 
machine , and a controllable rectifier bridge electrically con- 25 excitation of the invention . 
nected to the excitation machine for feeding a field magne- FIG . 2 schematically shows the main circuit structure of 
tization current to a rotor winding of the main electric FIG . 1 , where the main and triggering circuits of the 
machine , as the rotating electrical machine disclosed in self - controlled circuit are represented . 
WO2013 / 079761A1 . FIG . 3 schematically shows the main circuit structure of 
WO2013 / 079761A1 discloses a rotating electric machine 30 FIG . 1 , where the elements forming the main circuit of the 

with brushless excitation , comprising a main electric self - controlled circuit are also represented . 
machine , an excitation machine whose rotor is adapted to FIG . 4 shows in detail the main circuit of the self 
rotate with a rotor of the main electric machine and produce controlled circuit of the main circuit structure of FIG . 1 . magnetizing power to the main electric machine , a rectifier 
bridge electrically connected to the excitation machine for 35 self - controlled circuit of the main circuit structure of FIG . 1 . FIG . 5 shows in detail the triggering circuit of the 
feeding a field magnetization current to a rotor winding of 
the main electric machine , the rectifier bridge being a DETAILED DESCRIPTION OF THE 
controlled rectifier bridge comprising controllable semicon INVENTION ductor components for controlling the field magnetization 
current . The rotating electric machine further comprises a 40 FIG . 1 schematically shows a main circuit structure of an rotor control unit connected to the rectifier bridge and 
adapted to control controllable semiconductor components , embodiment of a rotating electric machine with brushless 

excitation of the invention . and a controllable circuit for lowering the magnetization of 
the rotor winding . When the magnetization of a magnetizing The rotating electric machine comprises a main electric 
winding is to be lowered quickly , the rotor control unit act 45 machine and an excitation machine whose rotor is adapted 
upon the controllable circuit . to rotate with a rotor of the main electric machine and 

produce magnetizing power to the main electric machine . 
DISCLOSURE OF THE INVENTION Therefore , the magnetization of the rotating electric machine 

is produced by a rotor winding 2 of an excitation machine 
The object of the invention is to provide a rotating electric 50 which is rotating together with the rotor of the main elec 

machine with brushless excitation , as defined in the claims . trical machine . 
The rotating electric machine with brushless excitation The rotating electric machine also comprises a rectifier 

comprises a main electric machine , an excitation machine bridge 3 electrically connected to the excitation machine for 
whose rotor is adapted to rotate with a rotor of the main feeding a field magnetization current Ir to a rotor winding 4 
electric machine and produce magnetizing power to the 55 of the main electric machine . The rectifier bridge 3 is a 
main electric machine , and a rectifier bridge electrically controlled rectifier bridge comprising controllable semicon 
connected to the excitation machine for feeding a field ductor components TH1 to TH6 for controlling the field 
magnetization current to a rotor winding of the main electric magnetization current IR . The current from the rotor winding 
machine . The rectifier bridge is a controlled rectifier bridge 2 of the excitation machine is rectified by means of the 
comprising controllable semiconductor components for con- 60 rectifier bridge 3 , resulting in a DC current ( a field magne 
trolling the field magnetization current . tization current IR ) , that is fed to the rotor of the main 

The rotating electric machine further comprises a rotor electrical machine ( to the rotor winding 4 ) . 
control unit connected to the rectifier bridge and adapted to The rotating electric machine further comprises a rotor 
control controllable semiconductor components , and a con- control unit 5 connected to the rectifier bridge 3 and adapted 
trollable circuit connected in parallel with the rotor winding 65 to control controllable semiconductor components TH1 to 
of the main electric machine and adapted to lower the TH6 , and a controllable circuit connected in parallel with the 
magnetization of said rotor winding . rotor winding 4 of the main electric machine and adapted to 
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lower the magnetization of said rotor winding 4. The control 6TH1 ) is connected to the joint point between the breakover 
unit 5 is arranged in the rotating part of the electrical or transient voltage suppressor diode 6D1 and triggering 
machine . resistor 6R1B ( referred to as 6TH1G in FIG . 5 ) , it being then 

In this type of rotating electric machines , it is well known connected to an end of said triggering resistor 6R1B ) , while 
the use of automatic voltage regulators AVR . The rotating 5 the cathode ( second main power terminal of the controllable 
electric machine of the invention also comprises at least one component 6TH1 ) of said thyristor is connected to the other 
automatic voltage regulator AVR , that is communicated with end of said triggering resistor 6R1B ( referred to as 6TH1C 
the control unit 5 bidirectionally and wirelessly . This is in FIG . 5 ) . 
advantageous since the control unit 5 is arranged in the rotor In the preferred embodiment , the main circuit 6CMAIN 
of the main electric machine ( in a rotary part of the machine , 10 comprises a protection sub - circuit 6Cs connected in parallel 
then ) . Additionally , this means that both are adapted to send with the controllable component 6TH1 , said protection 
and receive information . The control unit 5 can , for example , sub - circuit 6Cs preferably comprising a resistor in series 
send to the automatic voltage regulator AVR a measured connection with a capacitor . 
value of the field magnetization current Ir , which allows the In the preferred embodiment , the triggering circuit 6C , is 
use of said measurements in the control strategies carried out 15 also configured to force at least part of the field magnetiza 
by the automatic voltage regulator AVR . tion current Ir to flow through the discharge resistor 6R1 of 

The controllable circuit is a self - controlled circuit 6 the main circuit 6CMain in a slipping direction , opposite to 
configured to self - act depending on the voltage V4 across the magnetization direction , to protect the rotor winding 4 in 
said rotor winding 4. Said self - controlled circuit 6 comprises a pole slip phenomenon , depending of the voltage V4 across 
a discharge resistor 6R1 , which dissipates at least part of the 20 said rotor winding 4. In other embodiments , the triggering 
field magnetization current IR to lower the magnetization of circuit 6C7 is configured to force at least part of the field 
said rotor winding 4 when required ( depending on the magnetization current Ir to flow through the discharge 
voltage V4 across the rotor winding 4 , in particular when resistor 6R1 of the main circuit 6C Main only in the magne 
voltage V4 is greater than a setting level , which is higher tization direction or in the slipping direction . 
than normal operating range ) . For forcing at least part of the field magnetization current 
As shown in FIG . 2 , the self - controlled circuit 6 com- Ir to flow through the discharge resistor 6R1 of the main 

prises a main circuit 6Cmain comprising the discharge resis- circuit 6Cmain in the slipping direction , the main circuit 
tor 6R1 and connected in parallel with the rotor winding 4 , 6CM MAIN comprises at least one controllable component 
and a triggering circuit 6C7 connected in parallel with the 6TH2 as shown in FIGS . 3 y 4. The triggering circuit 6CT 
rotor winding 4 and with the main circuit 6CMAIN • The 30 is connected to said controllable component 6TH2 to act 
triggering circuit 6C , is configured to force at least part of upon it , depending of the voltage V4 across said rotor 
the field magnetization current IR to flow through the dis- winding 4. In particular , the triggering circuit 6C , allows the 
charge resistor 6R1 of the main circuit 6Cmain in a magne- current flow through the controllable component 6TH2 only 
tization direction to lower the magnetization of the rotor when said voltage V4 reaches a specific positive limit value , 
winding 4 ( depending on the voltage V4 across the rotor 35 and in that situation , therefore , at least part of the field 
winding 4 ) . magnetization current Ir flows through the main circuit 

The main circuit 6CMain comprises at least one control- 6CmAin ( through the discharge resistor 6R1 and the control 
lable component 6TH1 in series connection with the dis- lable component 6TH2 ) , it being dissipated by the discharge 
charge resistor 6R1 , the triggering circuit 6C ; being con- resistor 6R1 . Said limit value is positive , and therefore , the 
nected to said controllable component 6TH1 to block it or 40 current flows through the main circuit 6C MAIN in a slipping 
not , depending on the voltage V4 across the rotor winding 4 . direction opposite to the magnetization direction . 
In particular , the triggering circuit 6C , allows the current During a pole slip , the field current IR reverses and flows 
flow through the controllable component 6TH1 only when in the opposite direction , the main electrical machine rotor 
said voltage V4 reaches a specific negative limit value , and winding becoming a current source and developing over 
in that situation , therefore , at least part of the field magne- 45 voltages , that if not attenuated can damage the bridge 
tization current IR flows through the main circuit 6CMAIN rectifier 3 , main electrical machine rotor winding 4 and the 
( through the discharge resistor 6R1 and the controllable rotor winding of the excitation machine 2 . 
component 6TH1 ) , it being dissipated by the discharge The controllable component 6TH1 comprises a control 
resistor 6R1 . The controllable component 6TH1 comprises a gate to be blocked or not and two main power terminals , and 
control gate to be blocked or not and two main power 50 allows the current flow from a first main power terminal to 
terminals , and allows the current flow from a first main a second main power terminal once the control gate is 
power terminal to a second main power terminal once the activated , the triggering circuit 6C , being connected to said 
control gate is activated , the triggering circuit 6C , being gate . Preferably , as in the preferred embodiment shown in 
connected to said control gate . In a preferred embodiment , Figures , said controllable component 6TH2 is a thyristor . 
as shown in FIGS . 3 and 4 , for example , said controllable 55 The triggering circuit 6Cy comprises a slipping electrical 
component 6TH1 is a thyristor . branch 6SB connected in parallel with the rotor winding 4 , 

In the preferred embodiment , as shown in FIG . 5 , the as shown in FIG . 5 , and with the magnetization electrical 
triggering circuit 6C , comprises a magnetization electrical branch 6MB ( if any ) . The slipping electrical branch 6SB 
branch 6MB connected in parallel with the rotor winding 4 , comprises preferably two triggering resistors 6R2B and 
the magnetization electrical branch 6MB comprising pref- 60 6R2A in series connection with a breakover or transient 
erably two triggering resistors 6R1B and 6R1A in series voltage suppressor diode 6D2 . Said breakover or transient 
connection with a breakover or transient voltage suppressor voltage suppressor diode 6D2 comprises a specific reverse 
diode 6D1 . The breakover or transient voltage suppressor blocking voltage , the aforementioned specific positive limit 
diode 6D1 comprises a specific reverse blocking voltage , the value , and is arranged in series between both triggering 
aforementioned specific negative limit value , and is 65 resistors 6R2B and 6R2A . The gate of the thyristor ( con 
arranged in series between both triggering resistors 6R1B trollable component 6TH2 ) is connected to the joint point 
and 6R1A . The gate of the thyristor ( controllable component between the breakover or transient voltage suppressor diode 
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6D2 and triggering resistor 6R2B ( referred to as 6TH2G in two triggering resistors in series connection with a 
being then connected to an end of said triggering breakover diode having a predetermined reverse block 

resistor 6R2B , while the cathode ( second main power ter- ing voltage and arranged in series between both of the 
minal of the controllable component 6TH2 ) of said thyristor triggering resistors such that one of the ends of a first 
is connected to the other end of said triggering resistor 6R2B 5 triggering resistor being connected to the second main 
( referred to as 6TH2c in FIG . 5 ) . power terminal of the controllable component and the The protection sub - circuit 6Cs connected in parallel with other end of the first triggering resistor being connected the controllable component 6TH1 acts also as a protection to the gate of the controllable component , and sub - circuit for the controllable component 6TH2 , not being wherein a current sensor is arranged in the main circuit it necessary to include an additional protection sub - circuit 10 
for that purpose . and communicated with the control unit , to sense the 

At least in the preferred embodiment , the rotating electric current flow through the main circuit . 
machine also comprises a current sensor ISENSOR arranged in 2. The rotating electric machine according to claim 1 , 
the main circuit 6C Main , and communicated with the control wherein the main circuit comprises a protection sub - circuit 
unit 5 , to sense the current flow through said main circuit 15 connected in parallel with the controllable component , the 
6CMAIN . Therefore , the rotating electric machine can detect protection sub - circuit preferably comprising a resistor in 
when the main circuit 6Cmain dissipates at least part of the series connection with a capacitor . 
magnetization current Ir , in spite of said current flow being 3. The rotating electric machine according to claim 2 , 
self - controlled . wherein the current sensor is arranged between the second 
The invention claimed is : 20 main power terminal of the controllable component and the 
1. A rotating electric machine with brushless excitation , connection of the protection sub - circuit to the second main 

comprising : power terminal . 
a main electric machine ; 4. The rotating electric machine according to claim 1 , 
an excitation machine whose rotor is adapted to rotate wherein the triggering circuit is configured to force at least 

with a rotor of the main electric machine and produce 25 part of the field magnetization current to flow through the 
magnetizing power to the main electric machine ; discharge resistor of the main circuit in a slipping direction 

a controllable rectifier bridge electrically connected to the opposite to the magnetization direction , to protect the rotor 
excitation machine for feeding a field magnetization winding in a pole slip phenomenon , depending of the 
current to a rotor winding of the main electric machine voltage across the rotor winding . 
and comprising controllable semiconductor compo- 30 5. The rotating electric machine according to claim 4 , 
nents for controlling the field magnetization current ; wherein the main circuit comprises at least one controllable 

a rotor control unit connected to the rectifier bridge for component , the triggering circuit being connected to the 
controlling the controllable semiconductor compo- controllable component to act upon the controllable com 
nents ; and ponent , the controllable component comprising a control 

a controllable circuit connected in parallel with the rotor 35 gate to be blocked or not and two main power terminals , and 
winding of the main electric machine and configured to allows the current flow from a first main power terminal to 
lower the magnetization of said rotor winding , a second main power terminal once the control gate is 

wherein the controllable circuit is a self - controlled circuit activated , and the triggering circuit being connected to the 
configured to self - act depending on the voltage across control gate of the controllable component . 
said rotor winding , the self - controlled circuit compris- 40 6. The rotating electric machine according to claim 5 , 
ing : wherein the triggering circuit comprises a slipping electrical 

a discharge resistor which dissipates at least part of the branch connected in parallel with the rotor winding , the 
field magnetization current to lower the magnetization slipping electrical branch comprising at least one triggering 
of said rotor winding , and resistor in series connection with a breakover or transient 

a triggering circuit connected in parallel with the rotor 45 voltage suppressor diode comprising a specific reverse 
winding and with a main circuit , the triggering circuit blocking voltage , one of the ends of the triggering resistor 
being configured to force at least part of the field being connected to the second end of the controllable 
magnetization current to flow through the discharge component and the other end of the triggering resistor being 
resistor of the main circuit in a magnetization direction connected with the gate of the controllable component . 
to lower the magnetization of the rotor winding , the 50 7. The rotating electric machine according to claim 6 , 
main circuit comprises at least one controllable com- wherein the triggering circuit is configured to force the field 
ponent being a thyristor , in series connection with the magnetization current to flow through the main circuit , 
discharge resistor , the triggering circuit being con- depending of the voltage across the rotor winding , in a 
nected to the controllable component to force at lease magnetization direction to lower the magnetization of the 
a part of the field magnetization current to flow through 55 rotor winding or in a slipping direction opposite to the 
discharge resistor based on the voltage across the rotor magnetization direction , to protect the rotor winding in a 
winding , pole slip phenomenon . 

wherein the controllable component comprises a control 8. The rotating electric machine according to claim 7 , 
gate to be blocked or not and two main power termi- wherein the main circuit comprises a first controllable 
nals , and configured to allow the current flow from a 60 component and a second controllable component connected 
first main power terminal to a second main power in parallel , the controllable components being connected in 
terminal when the control gate is activated , and the series with the discharge resistor , the first controllable com 
triggering circuit being connected to the control gate of ponent being configured to allow the flow of the field 
the controllable component , magnetization current in a magnetization direction through 

wherein the triggering circuit comprises a magnetization 65 the main circuit and the second controllable component 
electrical branch connected in parallel with the rotor being configured to allow the flow of the field magnetization 
winding , the magnetization electrical branch comprises current in a slipping direction opposite the magnetization 
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direction through the main circuit , the triggering circuit breakover diode comprising a specific reverse blocking 
being connected to both controllable components . voltage , on the ends of the triggering resistor being con 

9. The rotating electric machine according to claim 8 , nected to the cathode of the first thyristor and the other end wherein the triggering circuit comprises a magnetization of the triggering resistor being connected with the gate of the 
electrical branch connected in parallel with the rotor wind- 5 first thyristor , and the slipping electrical branch comprising 
ing and connected to the first controllable component , and a at least one triggering resistor in series connection with a slipping electrical branch connected in parallel with the rotor breakover diode comprising a specific reverse blocking winding and with the magnetization electrical branch and voltage , one of the ends of the triggering resistor being connected to the second controllable component . 
10. The rotating electric machine according to claim 9 , 10 other end of the triggering resistor being connected with the connected to the cathode of the second thyristor and the 

wherein the first controllable component comprises a first 
thyristor and the second controllable component comprises gate of the second thyristor . 
a second thyristor , both thyristors being connected in anti 12. The rotating electric machine according to claim 1 , 
parallel and the triggering circuit being connected to the gate comprising an automatic voltage regulator for controlling 
of both thyristors . the voltage or the current of the rotor winding , the control 

11. The rotating electric machine according to claim 10 , unit being configured to communicate bi - directionally and 
wherein the magnetization electrical branch comprises at wirelessly with the automatic voltage regulator . 
least one triggering resistor in series connection with a 
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